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The experimental progress of the pl~ma 
performance in tokamaks has been related with 
the method of controlling particles. Examples 
include, e. g., 
(1) the Alcator scaling in OH plasma by gas 
f'f. puJ. Ing, . 
(2) finding of the H-mode by divertor, 
(3) the improvement by pellet injection, 
( 4) the establishment of the Supershot by 
degassing the wall and 
(5) IOC mode by gas-puff control. 
Recalling these results, one may expect a 
considerable difference in the plasma 
confinement in the steady state tokamaks. In the 
steady state tokamaks, the control of particles 
would be much restricted in comparison with 
today's experimental variety, while the control 
of the plasma current profile will be in hand. 
The correct projection of the present knowledge, 
based on the first principle theory, is an urgent 
task. 
The recent progress of the theoretical 
modelling of the self -sustained turbulence and 
anomalous transport in tokamaks allows the 
perspective for the improved confin~ment in. the 
steady state. The nonlinear mech~Isms which 
destabilize and stabilize the ballooning mode 
turbulence are taken into account, by 
renormalizing the turbulence effects in a form of 
transport coefficients. The explicit form of the 
thermal conductivity was obtained as [2] 
a,312 2 v A 
x= f(s){1+G:a,s)~} 8 qR" 
Here a=qRaJ3'!r, s=rq'/q, 8 is the collisionless 
skin depth, VA is the Alfven velocity, 
ffiE=Er'Rq/BvA and f(s) and G(a,s) are the 
geometrical factors. (Detailed argument for 
derivation and explicit forms off and G are 
given in Ref.[2].) It is emphasized that the 
transport coefficient is give!l in terms?! t~e 
parameters which charactenze the eqmhbnum 
profile This formula of the ano~alous transport 
coefficient explains many expenmental 
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observations on the L-mode, H-mode and the 
high EP plasmas. 
The role of the plasma density profile 
and that of the radial electric field are seen in the 
formula of X· If the density profile and the 
radial electric field profile are restricted to some 
class in the steady state plasma, the variety of 
and the improvements in the confinem~nt ti~e in 
present database will no longer be realized In 
steady state. , 
On the contrary, the formula also shows 
the important role of the q-profile. Smaller 
value of q gives rise to the reduction of X· This 
result explains the improvement of 'tE with the 
internal inductance. It is also found that the 
function 1/f(s) is small in the region s<0.3, 
reflecting the second stability against the ideal 
MHO ballooning mode. This is related to the 
improvement in the high EJ3v mode and pellet-
enhanced H-mode. The improvement of plasma 
confinement by the current profile control is 
demonstrated using the transport simulation 
code. A quantitative analysis is reported in [3] . 
These theoretical results show that the 
enhanced confinement, which is based on the 
particle control (such as supershot and so on), 
may not be useful in the steady state plasma. 
(The pellet mode, which eventually appeared by 
the particle control, has the origin o~ 
improvement due to the current proftl~ change: 
this mode will therefore be sustained In the 
steady state plasma.) On the other hand.' the 
current drive, which is required to sustain the 
steady state plasma, will provide a tool of the 
current profile control and serve as a new 
freedom to establish the enhanced confinement. 
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